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ation estimator, which relies on both t h e received signal as well as on tentative symbol decisions. Our simulation results obtained i n the context of a system employing decision-directed channel-prediction d e m o n s t r a t e that w i t h the aid of t h e proposed algorithm, IC1 cancellation can b e performed even in high Doppler frequency channel scenarios. T h i s is achieved without inserting additional time-domain pilot symbols.
I N T R O D U C T I O N
OFDM transmission is known t o be sensitive against the variations of the channel impulse response (CIR) taps during the OFDM symbol period. Specifically, a loss of orthogonality between the subcarrier transfer functions is observed, which results in inter-subcarrier interference (ICI) . In each subcarrier the IC1 contribution can be viewed as additional noise which is -assuming a sufficiently high number of subcarriers -near-Gaussian distributed. However, in contrast to the AWGN, t h e IC1 in different subcarriers is correlated. Since the IC1 power is a linear function of the signal power, the AWGN power may be exceeded by the IC1 power for sufficiently high signal levels. Several and remodulated symbol and the received symbol for each subcarrier, followed by multiplication with its Hermitean transpose. A refinement was achieved through averaging with the corresponding tentative estimate associated with the previous OFDM symbol period. The rest of the paper is organized as follows. In Section 2 the mechanismens of IC1 generation will be reviewed, followed by an evaluation of the potentially achievable IC1 reduction. The CIR tap variation estimator will be detailed in Section 3, while the IC1 canceller is described in Section 4. The system's BER performance is characterized in Section 5 and we will draw our conclusions in Section 6 . and by considering the first two-elements of the Taylor ap-
we also confirm that in the range of f~T f of interest, the IC1 variance is proportional to the square of the Doppler frequency f~: u:Cl,red = c . fiu.1, where c is the proportionality constant inherent in Equation 4. We conclude furthermore that the maximum achievable IC1 reduction is independent of the Doppler frequency f~. In the next section we will embark on a description of the system model.
CHANNEL ESTIMATION
In Section 1 we outlined that a prerequisite for the cancellation of CIR variation induced IC1 considered herc is the availability of an estimate of the variation of each CIR tap during a specific OFDM symbol period. In contrast to [2], our aim is to avoid using dedicated time-domain pilot symbols while also circumventing the employment of an iterative MIMO equalizer weight update strategy. Explicitely, our strategy is to obtain tentative symbol decisions without using IC1 cancellation in a first iteration, followed by an estimation of the CIR tap variations on the basis of these tentative symbol decisions and by also capitalizing on the knowledge of the received time-domain signal. This is followed by frequency-domain IC1 cancellation and a final iteration to obtain symbol decisions on the basis of a potentially less ICI-contaminated signal. Hence, our aim in this section is to develop the CIR tap variation estimator. 
nr=O
Here we follow the philosophy that the evolution of each CIR tap value during the FFT window of an OFDM symbol period can be linearly approximated, which was also advocated in [2], resulting in:
where E, [ . ] and b,, [n] , m E {0, . . . , M -1) are the CIR tap variation estimator coefficients to be determined. Hence, a cost-function given by the aggregate mean-square error between the received time-domain signal and the appropriately synthesized signal can be defined a s follows:
. . In the next section we will outline a range of different IC1 cancellation schemes applicable to our system.
In

CANCELLATION SCHEMES
We commence with a brief review of the most prominent ICI-cancellation schemes employed. Let us rccall Equation l , which established a relationship between,the sym- 
where n,.
and
For notational convenience we have omitted the OFDM symbol index n. The vector n,[k] of residual noise con+-butions requires further explanation. Each of its elements
is constituted by the sum of the AWGN in the +-th subcarrier and the residual IC1 taking into account the partial IC1 cancellation. For example, following from the struc- , which will he referred t o during our comparative study as the zero-forcing (ZF) solution. Hence, the signal at the output of the combiner is given by: facilitating the inversion of ill-conditioned matrices. In the context of our simulations in Section 5 we experimentally found a value of dl = 0.055 to operate best for BPSK and dl = 0 for QPSK. A third approach to IC1 cancellation, which -in contrast to the previously mentioned ZF-and MMSE solutions -requires the knowledge of the transmitted symbols, is that of subtractive cancellation, which is defined here simply by the subtraction of the reconstructed from the received signal. This can be expressed as: In next section the above IC1 cancellation schemes will be characterized in conjunction with the CIR tap variation estimator introduced in Section 3.
. SIMULATION RESULTS
In this section we will assess the performance of the proposed system using a decision-directed channel estimator similar to that proposed in [6] Figure 1 , while those for QPSK modulation are depicted in Figure 2 . In both figures we have also plotted the system's performance without IC1 cancellation. We considered both, a "frame-invariant'' fading scenario, where the fading envelope was kept constant during an OFDM symbol period in order to avoid the generation of ICI, and a "frame-variant" fading scenario. We observe that even in the context of "frame-invariant'' fading, where no IC1 was generated, the BER performance is limited at high SNRs, which is attributed to the imperfections of the CIR pre- schemes can be explained by pointing out that the minimum distance between signal points hosted by a QPSK constella, tion are located closer to each other than in the BPSK constellation and hence a higher vulnerability against channel estimation errors and channel noise can he observed. Another phenomenon, which requires further explanation is that for BPSK the ZF-inversion performs worse, than subtraction based cancellation. By contrast, for QPSK the situation was reversed. An explanation is that in the case of BPSK, when relatively reliable first-iteration symbol decisions are available, the subtractive combiner does not encounter the problem of noise amplification, which was associated with the ZF-inversion based solution. Again, by contrast, for QPSK more erroneous symbol decisions are employed in the subtractive cancellation process and hence the ZF-inversion, which does not capitalize directly on tentative symbol decisions is advantageous.
CONCLUSION
In this contribution we have demonstrated the feasibility of CIR tap variation-induced IC1 cancellation without requiring additional time-domain pilot symbols as in [2] Wiener filter prediction assisted decisions-directed channel estimation and two-stage IC1 cancellation according to Sections 3 and 4 by using QPSK modulation.
symbol decisions. As a result, the BER was reduced by a factor of five in the context of BPSK and a factor of three in the context of QPSK, when using decision-directed channel estimation as a basis for first-stage detection
